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APPARATUS FOR PROVIDING ACCESS TO 
FIELD DEVICES IN A DISTRIBUTED CONTROL SYSTEM 

This invention relates to accessing field devices in a 
distributed control system. Specifically, this invention relates to accessing 
such field devices remotely using wireless transceivers, accessing functions 
of the field devices that may not be accessible by the controller of the 

10 distributed control system and providing redundant wireless access to such 
field devices remotely using wireless transceivers. 

In a typical industrial plant, a distributed control system 
(DCS) is used to control many of the industrial processes performed at the 
plant. Typically, the plant has a centralized control room having a computer 

15 system with user I/O, disc I/O, and other peripherals as are known in the 
computing art. Coupled to the computing system is a controller and a 
process I/O subsystem. 

The process I/O subsystem includes a plurality of I/O ports 
which are connected to various field devices throughout the plant. Field 

20 devices known in the control art include various types of analytical 
equipment, silicon pressure sensors, capacitive pressure sensors, resistive 
temperature detectors, thermocouples, strain gauges, limit switches, on/off 
switches, flow transmitters, pressure transmitters, capacitance level switches, 
weigh scales, transducers, valve positioners, valve controllers, actuators, 

25 solenoids, and indicator lights. As used herein, the term "field device- 
encompasses these devices, as well as any other device that performs a 
function in a distributed control system and is known in the control art. 

Traditionally, analog field devices have been connected to the 
control room by two-wire twisted pair current loops, with each device 

30 connected to the control room by a single two-wire twisted pair. Analog 
field devices are capable of responding to or transmitting an electrical signal 
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within a specified range. In a typical configuration, it is common to have 
a voltage differential of approximately 20-25 volts between the two wires of 
the pair and a current of 4-20 milliamps running through the loop. An 
analog field device that transmits a signal to the control room modulates the 
5 current running through the current loop, with the current proportional to the 
sensed process variable. On the other hand, an analog field device that 
performs an action under control of the control room is controlled by the 
magnitude of the current through the loop, which is modulated by the I/O 
port of the process I/O system, which in turn is controlled by the controller. 

10 Traditional two-wire analog devices having active electronics can also 
receive up to 40 milliwatts of power from the loop. Analog field devices 
requiring more power are typically connected to the control room using four 
wires, with two of the wires delivering power to the device. Such devices 
are known in the art as four- wire devices and are not power limited, as are 

15 two-wire devices. 

In contrast, traditional discrete field devices transmit or 
respond to a binary signal. Typically, discrete field devices operate with a 
24 volt signal (either AC or DC), a 110 or 240 volt AC signal, or a 5 volt 
DC signal. Of course, a discrete device may be designed to operate in 

20 accordance with any electrical specification required by a particular control 
environment. A discrete input field device is simply a switch which either 
makes or breaks the connection to the control room, while a discrete output 
field device will take an action based on the presence or absence of a signal 
from the control room. 

25 Historically, most traditional field devices have had either a 

single input or a single output that was directly related to the primary 
function performed by the field device. For example, the only function 
implemented by a traditional analog resistive temperature sensor is to 
transmit a temperature by modulating the current flowing through the two- 

30 wire twisted pair, while the only function implemented by a traditional 
analog valve positioner is to position a valve between an open and closed 
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position, inclusive, based on the magnitude of the current flowing through 
the two-wire twisted pair. 

More recently, hybrid systems that superimpose digital data 
on the current loop have been used in distributed control systems. One 
5 hybrid system is known in the control art as the Highway Addressable 
Remote Transducer (HART) and is similar to the Bell 202 modem 
specification. The HART system uses the magnitude of the current in the 
current loop to sense a process variable (as in the traditional system), but 
also superimposes a digital carrier signal upon the current loop signal. The 

10 carrier signal is relatively slow, and can provide updates of a secondary 
process variable at a rate of approximately 2-3 updates per second. 
Generally, the digital carrier signal is used to send secondary and diagnostic 
information and is not used to realize the primary control function of the 
field device. Examples of information provided over the carrier signal 

IS include secondary process variables, diagnostic information (including sensor 
diagnostics, device diagnostics, wiring diagnostics, and process diagnostics), 
operating temperatures, temperature of the sensor, calibration information, 
device ID numbers, materials of construction, configuration or programming 
information, etc. Accordingly, a single hybrid field device may have a 

20 variety of input and output variables and may implement a variety of 
functions. 

HART is an industry standard nonproprietary system. 
However, it is relatively slow. Other companies in the industry have 
developed proprietary digital transmission schemes which are faster, but 

25 these schemes are generally not used by or available to competitors. 

More recently, a newer control protocol has been defined by 
the Instrument Society of America (ISA). The new protocol is generally 
referred to as Fieldbus, and is specifically referred to as SP50, which is an 
acronym for Standards and Practice Subcommittee 50. The Fieldbus 

30 protocol defines two subprotocols. An HI Fieldbus network transmits data 
at a rate up to 31.25 kilobits per second and provides power to field devices 
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coupled to the network. An H2 Fieldbus network transmits data at a rate up 
to 2.5 megabits per second, does not provide power to field devices 
connected to the network, and is provided with redundant transmission 
media. Fieldbus is a nonproprietary open standard and is attracting attention 
5 in the industry. 

As additional protocols and architecture gain popularity in the 
industry, the industry will face greater and greater challenges melding these 
technologies together into a single distributed control system. For example, 
newer devices will be coupled to an existing distributed control system. In 

10 these situations, the signals coming from the control room may expect 
traditional analog or hybrid technologies, but the field devices may be 
coupled to an HI or H2 Fieldbus network. Conversely, the control room of 
the industrial plant may be renovated, with the inputs and outputs to the 
control room comprising a modern HI or H2 field bus, and the individual 

IS signals running to some older analog and hybrid field devices, and newer 
Fieldbus based field devices. 

In addition to the challenge of integrating various technologies 
into a single distributed control system, newer field devices will have 
maintenance modes and enhanced functions that are not accessible via an 

20 older control system. In addition, even when all components of a distributed 
control system adhere to the same standard (such as the Fieldbus standard), 
one manufacturer's control room equipment may not be able to access the 
secondary functions or secondary information provided by another 
manufacturer's field devices. 

25 SUMMARY Of THE INVENTION 

The present invention provides an apparatus for providing 
non-redundant secondary access to field devices in a distributed control 
system having a control room for providing primary access to the field 
devices, thereby enabling secondary access of all information and functions 

30 available in field devices. 
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The present invention also provides an apparatus for providing 
redundant wireless access to field devices in a distributed control system 
having a control room that provides hard-wired access to the field devices, 
thereby allowing redundant access to the field devices in the event of a 
5 Mure of the hard-wired media. 

In a first embodiment of the invention, each field device is 
provided with a wireless port and can be accessed by a wireless handheld 
unit or a wireless terminal. In one configuration of this embodiment, the 
wireless port is powered by the control network to which the field device is 
10 connected. 

In a second embodiment of the invention, a field module 
having a wireless port is connected to an existing control network. The field 
module provides access from a wireless handheld unit or a wireless terminal 
(which may be in the control room) to all field devices connected to the 

IS control network. In one configuration of this embodiment, the field module 
is powered by the control network to which it is connected. 

In a third embodiment of the invention, the distributed control 
system is provided with a bridge that connects a distribution network in the 
distributed control system to one or more control networks, wherein the 

20 control networks are coupled to field devices. The bridge also includes a 
wireless port that provides access from a wireless handheld unit or a wireless 
terminal (which may be in the control room) to all field devices connected 
to the control networks. 

In a fourth embodiment of the present invention, a 

25 bridge/converter is connected to two-wire twisted pair analog wires coming 
from an older control room designed to control analog field devices, and 
couples the older control room to newer network-based field devices. In one 
configuration of this embodiment, the bridge/converter includes a hard-wired 
port that is coupled to a terminal. The terminal, which may be placed in the 

30 control room, provides the operators of the control system with access to all 
functions and secondary information of the newer network-based field 
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devices that are not accessible by the older analog components of the control 
room. In another configuration of this embodiment (which may compliment 
the first configuration), the bridge/converter is provided with a wireless port 
that allows the network-based devices to be accessed by a wireless terminal 
5 or a wireless handheld unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a diagram of a prior art distributed control system. 
Figure 2A is a diagram of an industrial plant having two 
distributed control systems and shows three embodiments of the present 
10 invention. 

Figure 2B is a diagram of industrial plant having two 
distributed control systems and shows three embodiments of the present 
invention. 

Figure 3 is a diagram of an industrial plant having an older 
IS analog distributed control system that has been retrofitted with newer 
network-based field devices and shows an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figure 1 is a block diagram of a prior art distributed control 

20 system (DCS) 10. DCS 10 is comprised of control room 12, controller 14, 
discrete/analog I/O unit 16, H2-to-Hl bridge 18, and a variety of field 
devices represented by solenoid 24, switches 26 and 54, valve positioners 
28, 46, and 52, transmitters 30, 34, and 44, process analyzers 36 and 50. 
These devices represent any type of field device known in the control art. 

25 Also shown in Figure 1 are handheld units 38 and 39, which are capable of 
accessing information in a hybrid or Fieldbus-based field device via a 
physical wire connection, and a local operator/user station 40, which is 
capable of issuing and receiving control room-type commands to and from 
the field device to which it is connected via a physical wire connection. 

30 Control room 12 includes computers, user I/O, various forms 

of data storage devices, and other computing devices known in the art. 
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Control room 12 is coupled to controller 14 via bus 20, which is typically 
a proprietary digital communications network or an open digital 
communication network employing a proprietary protocol. Controller 14 
receives various commands from control room 12 and provides data to 
5 control room 12. 

As depicted in Figure 1, DCS 10 is a hybrid system 
comprising two different types of field devices. Devices 24 - 36 are 
traditional analog, discrete, and hybrid analog/digital devices, wherein the 
primary control function of the device is realized by modulating a current. 

10 These field devices are coupled to discrete/analog I/O unit 16, with each 
device connected to an individual channel of unit 16 by a single pair of wires 
(and possibly two additional power wires in the case of a traditional four- 
wire field device). For example, solenoid 24 is coupled via two-wire twisted 
pair 42 to channel 43 of unit 16. 

IS For a traditional analog or discrete field device, the only 

communication with the device occurs by modulating or switching the 
current running through the two-wire twisted pair, with the magnitude of the 
current representing a measured process variable (as in the case of the 
transmitter), or an action requested by controller 14 (as in the case of a 

20 valve positioner or solenoid). Traditional analog devices have a frequency 
response limited to approximately 10 Hz and receive power from the two- 
wire twisted pair. 

Hybrid analog/digital devices operate in a manner similar to 
traditional analog devices, but also allow digital communication of secondary 

25 information by superimposing a digital carrier signal on the modulated 
current carried by the two-wire twisted pair. One such hybrid analog/digital 
system is known in the control art as Highway Addressable Remote 
Transducer (HART) and transmits data in a manner similar to a conventional 
computer modem adhering to the Bell 202 specification. Generally, the 

30 primary function of these devices is still realized by modulating the current 
through the loop, while other types of secondary information, such as 
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diagnostic data, operating temperature, identification codes, error codes, and 
secondary variables, are transmitted digitally. In such a system, digital 
communication is relatively slow and is limited to approximately 300 baud. 
When a maintenance person desires to test an analog device, the maintenance 
5 person must make a physical connection to the device itself, such as local 
operator/user station 40 connected to transmitter 30, or to the two-wire 
twisted pair leading to the device, such as handheld unit 38 connected to the 
two- wire twisted pair leading to valve positioner 28. 

In contrast, devices 44 - 54 are modern network-based digital 

10 field devices, wherein all information is digitally transmitted to and from 
each device. While many control system manufacturers have developed 
proprietary digital systems, the Standards and Practices Subcommittee 50 of 
the Instrument Society of America has developed and specified an 
architecture known in the art as Fieldbus. The Fieldbus specification 

15 includes two types of networks, a lower speed network referred to as HI and 
a higher speed network referred to as H2. Both networks can support 
multiple connections to a single network bus, in contrast to traditional analog 
connections, which only support one device per two-wire twisted pair. 
While the present invention is described herein with reference to a Fieldbus 

20 network-based control system, in other embodiments the present invention 
may be employed in any distributed control system having network-based 
field devices. 

A Fieldbus H2 network can transmit data at a rate up to 2.5 
megabits per second. In addition, an H2 network is redundant, with two sets 

25 of physical wire media comprising the network. Should the primary wire 
media fail, the secondary wire media is automatically used by the DCS. 
Because of the high capacity and redundancy of H2 Fieldbus networks, H2 
Fieldbus networks are beginning to be used as a distribution network that 
connect the controller to various distribution units in the DCS. However, 

30 traditional distribution networks are proprietary networks using either 
parallel or serial communication. 
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In Figure 1, H2 distribution network 22 couples controller 14 
to H2-to-Hl bridge 18, and proprietary bus 21 couples controller 14 to 
discrete/analog I/O unit 16. In other configurations known in the art, unit 
16 and bridge 18 may be coupled to a common distribution network. As 
5 previously discussed, discrete/analog I/O unit 16 includes discrete channels, 
with each channel coupled to a single device. 

H2-to-Hl bridge links the data carried by proprietary 
distribution network 22 to HI Fieldbus control networks 45 and 47. HI 
Fieldbus control network 45 is coupled to transmitters 44, valve positioner 

10 46, and relay 48, and HI Fieldbus 47 is coupled to process analyzer 50, 
valve positioner 52, and solenoid 54. While an HI Fieldbus network is not 
redundant, and has a lower data transmission rate of approximately 31.25 
kilobits per second, it is capable of providing power to the devices to which 
it is coupled, while an H2 Fieldbus network does not. For the above 

15 reasons, the HI Fieldbus network is ideal for providing final connections to 
individual field devices, while the H2 Fieldbus network is ideal for 
distributing control signals throughout the physical plant in which the DCS 
is installed. 

More recently, field devices have been provided with 
20 microprocessors and additional functionality. Such "smart" field devices are 
capable of monitoring a plurality of process variables, performing a variety 
of control functions, performing comprehensive diagnostics, and providing 
a wide array of various types of status information. The Fieldbus 
specification specifies a variety of functions that may be supported by 
25 various Fieldbus field devices. In addition, many manufacturers have 
provided secondary functions beyond those specified in the Fieldbus 
specification. While Fieldbus field devices manufactured by different 
manufacturers are compatible to the extent that only Fieldbus specified 
functions are accessed, they are not compatible with respect to the secondary 
30 functions. For example, a Fieldbus controller manufactured by company A 
will generally not be able to access the secondary functions provided by a 
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Fieldbus valve positioner manufactured by company B. Therefore, an 
industrial plant using a variety of Fieldbus components provided by different 
manufacturers will not be able to derive the benefit of all the functions 
provided by the various components. 
5 The problem is worse in older distributed control systems that 

were designed to use traditional analog/discrete and hybrid devices. Often 
a company will wish to preserve an investment in an existing installation, 
and will retrofit the installation with newer Fieldbus field devices. In such 
an installation, the control room will not even be able to access the 

10 standardized Fieldbus functions provided by the various devices. 
Accordingly, a need exists to access the secondary functions provided by 
various manufacturers, as well as standardized Fieldbus functions when a 
Fieldbus based device is connected to an older distributed control system. 

Figure 2 is a diagram of an industrial plant having two 

15 distributed control systems. DCS 56 is comprised of control room 60, 
controller 62, bus 64, field device 66, valve positioner 68, transmitter 70, 
process analyzer 72, HI Fieldbus control network 74, transmitter 76, valve 
positioner 78, solenoid 80, field module 82, and HI Fieldbus control 
network 84. DCS 58 is comprised of control room 86, controller 88, bus 

20 90, H2 Fieldbus distribution network 94, H2-to-Hl bridge 92, transmitters 
96 and 100, valve positioner 98, and HI Fieldbus control network 102. 
Buses 64 and 90 are normally proprietary digital communication networks, 
or open communication networks employing a proprietary protocol. Also 
shown in Figure 2 is terminal 104 and handheld control unit 110. Terminal 

25 104 is coupled to wireless link module 106, which in turn is connected to 
wireless transceiver 108. Handheld control unit 110 includes wireless 
transceiver 112. 

Two embodiments of the present invention are illustrated in 
DCS 56. The first embodiment is illustrated by those field devices coupled 

30 to HI Fieldbus control network 74. Each field device on control network 
74 includes a wireless transceiver. Field device 66 represents any generic 



WO 96/12993 PCT/US9S/13150 

-11- 

field device coupled to control network 74 and includes wireless transceiver 
114. Valve positioner 68 includes wireless transceiver 116, transmitter 70 
includes wireless transceiver 1 18, and process analyzer 72 includes wireless 
transceiver 120. Each wireless transceiver implements a wireless Fieldbus 
5 connection with terminal 104 and handheld unit 1 10, thereby allowing access 
to secondary functions of each field device not accessible by control room 
60, as well as providing a maintenance person with convenient access to 
each field device without having to communicate with the control room and 
independent of the distributed control system. 

10 The wireless Fieldbus connections described herein are 

implemented by secondary wireless network ports that are used in addition 
to primary network ports that are hardwired to a control room. 
Accordingly, a network-based field device may alternately be accessed via 
either the hardwired connection to the control room or the wireless Fieldbus 

15 connection. In contrast, many prior art network-based field devices are 
provided with a redundant hardwired network connection that is used as a 
backup if the first connection fails. However, the field device is generally 
not alternately accessed by either the first or redundant connections, except 
for testing the redundant connection. In addition, typically the redundant 

20 connection is also routed to the control room. 

Another novel feature of the present invention is that the 
wireless Fieldbus port attached to each field device is powered by the 
hardwired HI Fieldbus port attached to each device. Therefore, a customer 
having Fieldbus control equipment from one manufacturer can connect field 

25 devices having a wireless Fieldbus port (in accordance with the present 
invention) to an existing HI Fieldbus control network, and can access all the 
functions of the added field devices using a handheld unit having a wireless 
Fieldbus link, or a terminal having a wireless Fieldbus link. Since the 
wireless Fieldbus link of the field devices is powered by the existing HI 

30 Fieldbus control network, no additional wiring is required. 
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The wireless links disclosed herein represent any wireless 
communication method known in the art, including, but not limited to, radio, 
infrared, visible light, and ultrasonic forms of wireless communication. 

A second embodiment of the present invention is illustrated 
5 by the devices connected to HI Fieldbus control network 84. Transmitter 
76, valve positioner 78, and solenoid 80 are each coupled to control network 
84. Also coupled to control network 84 is field module 82, which includes 
a wireless transceiver 122 powered by HI Fieldbus control network 84. 
Field module 82, in essence, forms a wireless bridge between control 

10 network 84 and handheld unit 110 or terminal 104, and allows unit 110 or 
terminal 104 to access each device coupled to HI Fieldbus control network 
84. Accordingly, field module 82 is ideally suited for use in an existing 
environment having a variety of HI Fieldbus devices from different 
manufacturers. Handheld unit 110 and terminal 104 can easily be 

IS programmed to access the functions of each device on the control network 
to which field module 82 is connected. 

A third embodiment of the present invention is illustrated by 
DCS 58. In DCS 58, controller 88 is coupled to H2-to-Hl bridge by H2 
Fieldbus distribution network 94. H2-to-Hl bridge links H2 Fieldbus 

20 distribution network 94 to HI Fieldbus control network 102. H2-to-Hl 
bridge also includes a second Fieldbus port connected to wireless transceiver 
124, and communicates with a remote device such as handheld unit 110 or 
terminal 104. Accordingly, the remote wireless field device can access all 
field devices serviced by the H2-to-Hl bridge, such as transmitters 96 and 

25 100 and valve positioner 98. In other configurations, it is common for an 
H2-to-Hl bridge to service a plurality of HI Fieldbus control networks, in 
which case all field devices connected to all control networks serviced by the 
H2-to-Hl bridge can be accessed remotely. 

Many industrial plants have a plurality of distributed control 

30 systems. By using wireless Fieldbus networks, a maintenance person can 
walk from DCS to DCS with a single handheld control unit and access field 
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devices coupled to each DCS. Since the handheld control unit can be 
programmed to access each field device, the maintenance person can access 
all the functions of devices supplied by different manufacturers. 

The present invention also provides apparatus and method for 
5 providing redundant wireless access to field devices in a distributed control 
system, thereby allowing access to field devices in the event of a failure of 
the hard-wired media that connects the field devices to a control room. The 
redundant wireless access can be used several ways. First, it can be used 
to allow continued operation of a distributed control system in the event of 

10 failure of or maintenance on the hard-wired media. However, even if 
continued operation is not desired, redundant wireless access may still be 
valuable for monitoring process variables and performing control actions, 
such as those required to shut down a process. For example, consider a 
distributed control system that is subjected to some sort of mishap, such as 

15 an explosion. The explosion, may vary well render the hard-wired media 
connecting field devices to the control room inoperable. Using the 
redundant wireless access provided by the present invention, a control room 
operator will still be able to access field device to perform an orderly shut- 
down of the distributed control system. The operator may observe critical 

20 temperatures and pressures, and adjust or close valves and other devices to 
complete the shut down. By having redundant wireless access to the field 
devices, the operator may be able to effect a shutdown in such a way as to 
minimize losses. 

Figure 2B is a diagram of an industrial plant having two 

25 distributed control systems similar to Figure 2A and wherein the same 
components have the same reference numerals. DCS 56 in Figure 2B is 
comprised of control room 60 (which now includes terminal 104 coupled to 
wireless link module 106, which in turn is connected to wireless transceiver 
108), controller 62, bus 64, field device 66, etc., as described for Figure 

30 2A. DCS 58 is comprised of control room 86 (which now includes terminal 
103 coupled to wireless link module 107, which in turn is connected to 
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wireless transceiver 109), controller 88, bus 90, etc, , as described for Figure 
2A. 

Two embodiments of the invention of Figure 2B are illustrated 
in DCS 56. The first embodiment is illustrated by those field devices 
5 coupled to HI Fieldbus control network 74. Each field device on control 
network 74 includes a wireless transceiver. Each wireless transceiver 
implements a redundant wireless Fieldbus connection with terminal 104, 
thereby allowing redundant wireless access to each field device from control 
room 60. 

10 A second embodiment of the invention of Figure 2B is 

illustrated by the devices connected to HI Fieldbus control network 84. 
Transmitter 76, valve positioner 78, and solenoid 80 are each coupled to 
control network 84. Also coupled to control network 84 is field module 82, 
which includes a wireless transceiver 122 powered by HI Fieldbus control 

15 network 84. Field module 82, in essence, forms a wireless bridge between 
control network 84 and terminal 104 in control room 56, and allows terminal 
104 to access each device coupled to HI Fieldbus control network 84. 
Accordingly, fields module 82 is ideally suited for providing redundant 
wireless access in an existing environment having a variety of HI Fieldbus 

20 devices from different manufacturers. 

A third embodiment of the invention of Figure 2B is 
illustrated by DCS 58. In DCS 58, controller 88 is coupled to H2-to-Hl 
bridge by H2 Fieldbus distribution network 94. H2-to-Hl bridge links H2 
Fieldbus distribution network 94 to HI Fieldbus control network 102. H2- 

25 to-Hl bridge also includes a second Fieldbus port connected to wireless 
transceiver 124, and communicates with a remote device such as terminal 
103. Accordingly, terminal 103 in control room 86 can access all field 
devices serviced by the H2- to-Hl bridge, such as transmitters 96 and 100 
and valve positioner 98. 

30 Figure 3 shows an embodiment of the present invention 

adapted for use in older distributed control systems that have been retrofitted 
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with newer Fieldbus field devices. DCS 126 includes control room 128, 
controller 130, bus 132, discrete/analog I/O unit 134, bridge/converter 136, 
bus 137, HI Fieldbus control networks 138 and 140, solenoids 142 and 152, 
transmitters 144 and 148, valve positioner 146 and 150, handheld unit 154, 
5 and terminal 156. 

DCS 126 represents an older distributed control system 
designed for use with traditional discrete analog/discrete and hybrid field 
devices. With the exception of terminal 156, everything above dotted line 
158 represents components that are part of an older existing installation. 

10 Everything below dotted line 158 (and terminal 156) represent newer 
Fieldbus components that have been added to the installation. 

Bridge/converter 136 interfaces the older portion of DCS 126 
(above dotted line 158) to the Fieldbus devices. Bridge/converter 136 
includes a plurality of process I/O channels (such as channel 160) that are 

15 coupled to corresponding process I/O channels of discrete/analog I/O unit 
134 (such as channel 162) by two-wire twisted pairs (such as two-wire 
twisted pair 164). Bridge/converter 136 converts the analog, discrete, 
and/or hybrid information provided by discrete/analog I/O unit 134 into 
digital information that is transmitted to devices on HI Fieldbus networks 

20 138 and 140, and converts the digital information received from devices on 
networks 138 and 140 into analog, discrete, and/or hybrid information 
required by discrete/analog I/O unit 134. 

From the viewpoint of control room 128, the Fieldbus field 
devices appear as traditional analog/discrete and hybrid field devices. 

25 Accordingly, control room 128 cannot access any of the secondary functions 
provided by the Fieldbus field devices. To access these functions, 
bridge/converter 136 is provided with an active hard-wired Fieldbus port 166 
and wireless Fieldbus port 168. 

Hard-wired Fieldbus port 166 is connected to Fieldbus 

30 network 170, which in turn is connected to terminal 156. In one 
embodiment, terminal 156 is located within control room 128, and provides 
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operators within the control room with access to all the functions that are 
provided by the Fieldbus field devices, and are not accessible through 
existing control room components. Port 166 is not a redundant port, rather 
it is a secondary port that provides the control room with access to all the 
5 functions provided by the Fieldbus based devices. Accordingly, a control 
room operator may alternately access a Fieldbus based device via 
discrete/analog I/O unit 134, or terminal 156. In contrast, a redundant port 
is used as a backup if the first port fails. In the configuration shown in 
Figure 3, a redundant port would not be coupled to the control room. 

10 Fieldbus port 168 is connected to wireless transceiver 172, 

thereby forming a wireless Fieldbus network similar to the wireless Fieldbus 
networks shown in Figure 2. Handheld unit 154 has wireless transceiver 
174, and communicates with Fieldbus devices 142 - 152 via wireless 
transceiver 172, which is connected to wireless port 168 of bridge/converter 

15 136. In addition to handheld unit 154, a terminal having a wireless link 
(such as terminal 104 and wireless link 106 in Figure 2) may be used to 
communicate with the field devices coupled to bridge/converter 136. 

The present invention provides an apparatus for providing 
secondary access to field devices in a distributed control system having a 

20 control room for providing primary access to the field devices. In a modern 
distributed control system having Fieldbus devices coupled to a Fieldbus 
control room, the present invention provides a wireless link to a remote unit, 
such as a handheld device or a terminal having a wireless link, thereby 
allowing a maintenance person to access each Fieldbus device in the field via 

25 the remote unit. Since a Fieldbus control room from one manufacturer may 
not be able to access secondary functions of a Fieldbus device from another 
manufacturer, the handheld unit can also provide a convenient way to access 
secondary functions provided by various manufacturers from a single, easily 
programmed handheld unit or remote terminal. 

30 



WO 96/12993 



PCT/US95/13150 



-17- 

The present invention also provides an apparatus for providing 
wireless redundant access to field devices in a distributed control system 
having a control room that provides hard-wired access to the field devices. 
In a modern distributed control system having Fieldbus devices coupled to 
5 a Fieldbus control room, the present invention provides a redundant wireless 
to a terminal having a wireless link. The apparatus of the present invention 
allows access to field devices in the event of failure or other unavailability 
of the hard-wired media that couples the control room to field devices, which 
is the primary way of accessing the control devices. 

10 In one embodiment, each Fieldbus-based device is provided 

with its own secondary wireless HI or H2 Fieldbus port that is powered by 
the HI Fieldbus control network. This embodiment provides maximum 
flexibility because no modification of the distributed control system is 
required, and is ideally suited for new devices that are to be added to an 

IS existing Fieldbus installation. As soon as the HI Fieldbus device is 
connected to the existing HI Fieldbus control network, the device can be 
accessed via the wireless handheld unit or the wireless terminal. 

In another embodiment of the invention, a field module is 
connected to an existing Fieldbus control network. The field module has a 

20 wireless HI or H2 Fieldbus port that is powered by the HI Fieldbus control 
network, and provides access from the wireless handheld unit or the wireless 
terminal to all Fieldbus devices connected to the control network. This 
embodiment is ideally suited for distributed control systems that already have 
Fieldbus devices. 

25 In yet another embodiment of the present invention, the 

distributed control system is provided with an H2-to-Hl bridge having one 
or more HI control networks coupled to Fieldbus devices, a hard-wired H2 
port coupled to a controller, and a wireless H2 or HI Fieldbus port. The 
wireless Fieldbus port allows a wireless handheld unit or a wireless terminal 

30 to access all Fieldbus devices on all HI control networks serviced by the H2- 
to-Hl bridge. 
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In a fourth embodiment of the present invention, a 
bridge/converter is connected to the two-wire twisted pair analog/discrete 
and hybrid wires coming from an older control room, and couples the older 
control room to newer Fieldbus devices. In this embodiment, the 

5 bridge/converter provides an HI or H2 Fieldbus port to allow access to 
functions of the Fieldbus devices not accessible from the control room. In 
one configuration, a terminal is connected to the bridge/converter via a hard- 
wire Fieldbus network. The terminal, which may be placed in the control 
room, provides the operators of the control system with access to all 

10 functions of the Fieldbus-based devices. In another configuration (which 
may compliment the first configuration), the bridge/converter is provided 
with a wireless HI or H2 Fieldbus port that allows the Fieldbus field devices 
to be accessed by a wireless terminal or a wireless handheld unit. 

Although the present invention has been described with 

15 reference to preferred embodiments, workers skilled in the art will recognize 
that changes may be made in form and detail without departing from the 
spirit and scope of the invention. 
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Wff AT IS CLAIMEP IS; 

1. A distributed control system comprising: 

a control room for providing primary control of the 
distributed control system; 
5 a plurality of network-based field devices, with each network- 

based field device having a primary control network 
port; 

a control network coupled to each primary control network 
port of each network-based field device of the 
10 plurality of network-based field devices; 

a controller coupled to the control room, for controlling and 
providing primary access to the plurality of network- 
based field devices; 
network/controller connection means for connecting the 
15 control network to the controller; and 

secondary access means for providing non-redundant 
secondary access to the plurality of network-based 
field devices. 



20 2. The distributed control system of claim 1 wherein the 

secondary access means comprises: 

a wireless transceiver coupled to a non-redundant secondary 
port of each of the plurality of network-based field 
devices. 

25 

3. The distributed control system of claim 2 wherein the wireless 

transceiver receives power from the control network via the primary control 
network port. 
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4. The distributed control system of claim 1 wherein the 

secondary access means comprises: 

a field module coupled to the control network, the field 
module comprising: 

5 a first network port coupled to the control network; 

a non-redundant secondary port; and 
a wireless transceiver coupled to the non-redundant 
secondary port* 

10 5. The distributed control system of claim 4 wherein the field 

module receives power from the control network via the first network port. 



6. The distributed control system of claim 1 wherein the 

controller is coupled to a distribution network, and the network/controller 
15 connection means comprises: 

a bridge for transmitting information from the distribution 
network to the control network, the bridge 
comprising: 

a first port coupled to the distribution network; 
20 a second port coupled to the control network; 

a wireless transceiver; and 

a third non-redundant port coupled to the wireless 
transceiver. 
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10 



7. The distributed control system of claim 1 wherein the 

network/controller connection means comprises: 

a discrete/analog I/O unit comprising: 

a bus coupled to the controller; and 
a plurality of discrete/analog I/O channels; and 
a bridge/converter comprising: 

a plurality of discrete/analog I/O channels coupled to 
the plurality of analog I/O channels of the 
discrete/analog I/O unit; 
a non-redundant network-based field device access 
port for providing access to functions of the 
plurality of network-based field devices not 
accessible via the controller; and 
a control network port coupled to the control network. 



15 



8. 

comprising: 



20 



The distributed control system of claim 7 and further 
a terminal; and 

a hard-wired connection between the terminal and the non- 
redundant network-based field device access port of 
the bridge/converter. 



9. 

comprising: 



25 



30 



The distributed control system of claim 7 and further 

a wireless transceiver coupled to the non-redundant network- 
based field device access port of the bridge/converter; 
and 

a remote access device having a wireless transceiver, for 
remotely accessing the plurality of network-based field 
devices. 



• 
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10. A distributed control system comprising: 

a control room for providing primary control of the 
distributed control system via hard-wired media and 
having a terminal coupled to a wireless link for 
5 providing redundant wireless access; 

a plurality of network-based field devices, with each network- 
based field device having a primary control network 
port; 

a control network coupled to each primary control network 
10 port of each network-based field device of the 

plurality of network-based field devices; 

a controller coupled to the control room, for controlling and 
providing primary access to the plurality of network- 
based field devices; 

15 network/controller connection means for connecting the 

control network to the controller; and 
secondary access means for providing redundant wireless 
access to the plurality of network-based field devices 
from the wireless terminal in the control room. 

20 

11. The distributed control system of claim 1 wherein the 
secondary access means further comprises: 

a first wireless transceiver configured to provide non-wireless 
access to the plurality of network-based devices; and 
25 a remote access device having a second wireless transceiver, 

for remotely accessing the plurality of networked- 
based field devices via the first wireless transceiver. 
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12. The distributed control system of claim 1 wherein the 
secondary access means comprises: 

a remote terminal configured to provide non-wireless access 
to the plurality of networked based devices. 

5 

13. A network-based field device comprising: 
control means for implementing a control function; 

a primary control network port for providing primary control 
access to the network-based field device; and 
10 a non-redundant secondary port for providing non-redundant 

secondary access to the network-based field device. 

14. The network-based field device of claim 13 and further 
comprising: 

15 a wireless transceiver coupled to the non-redundant secondary 

port. 



15. The network-based field device of claim 14 wherein the 

wireless transceiver receives power from a connection to the primary control 
20 network port. 



16. The network-based field device of claim 13 wherein the 

network-based field device implements a set of functions, with a subset of 
the set of functions accessible via the non-redundant secondary port and not 
25 accessible via the primary control network port. 
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17. A field module for providing non-redundant secondary access 
to a plurality of network-based field devices coupled to a control network, 
the field module comprising: 

a first network port that connects to a control network; 
5 a non-redundant secondary port; and 

a wireless transceiver coupled to the non-redundant secondary 
port. 

18. The field module of claim 17 wherein the field module 
10 receives power from a control network coupled to the first network port. 

19. The field module of claim 17 wherein the field module 
facilitates access to a subset of functions implemented by field devices 
connected to a control network, and the subset of functions cannot be 

15 accessed by a controller coupled to the control network. 

20. A bridge for transmitting information from a distribution 
network to a control network in a distributed control system, the bridge 
comprising: 

20 a first port that connects to the distribution network; 

a second port that connects to the control network; 
a wireless transceiver; and 

a third non-redundant port coupled to the wireless 
transceiver. 

25 

21. The bridge of claim 20 wherein the bridge facilitates access 
to a subset of functions implemented by field devices connected to a control 
network, and the subset of functions cannot be accessed by a controller 
coupled to the distribution network. 
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A bridge/converter comprising: 

a plurality of discrete/analog I/O channels that connect to a 
discrete/analog I/O unit, which in turn is connected to 
a controller via a bus; 

a control network port that connects to a control network, 
which in turn is connected to a plurality of network- 
based field devices; 

a non-redundant network-based field device access port for 
providing access to functions of the plurality of 
network-based field devices not accessible via the 
controller coupled to the plurality of discrete/analog 
I/O unit. 

The bridge/converter of claim 22 and further comprising: 
a wireless transceiver coupled to the non-redundant network- 
based field device access port. 
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24. A distributed control system comprising: 

a control room for providing primary control of the 

distributed control system; 
a plurality of network-based field devices collectively 
5 implementing a feature set, with each network-based 

field device having a primary control network port; 
a control network coupled to each primary control network 
port of each network-based field device of the 
plurality of network-based field devices; 
10 a controller coupled to the control room, for controlling and 

providing primary access to the plurality of network- 
based field devices, the controller not capable of 
accessing a subset of features of the feature set; 
network/controller connection means for connecting the 
15 control network to the controller; and 

subset feature access means for providing access to the subset 
of features. 



25. The distributed control system of claim 24 wherein the subset 

20 feature access means comprises: 

a wireless transceiver coupled to a secondary port of each of 
the plurality of network-based field devices. 
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26. The distributed control system of claim 24 wherein the subset 
feature access means comprises: 

a field module coupled to the control network, the field 
module comprising: 

5 a first network port coupled to the control network; 

a secondary port; and 

a wireless transceiver coupled to the secondary port. 

27. The distributed control system of claim 24 wherein the 
10 controller is coupled to a distribution network, and the network/controller 

connection means comprises: 

a bridge for transmitting information from the distribution 
network to the control network, the bridge 
comprising: 

IS a first port coupled to the distribution network; 

a second port coupled to the control network; 

a wireless transceiver; and 

a third port coupled to the wireless transceiver. 



WO 96/12993 



PCT/US95/13150 



-28- 

APPARATUS FOR PROVIDING ACCESS TO 
FIELD DEVICES IN A DISTRIBUTED CONTROL SYSTEM 
ATttTttArT OF THE DISCLOSURE 
An apparatus for accessing field devices in a distributed 

5 control system provides non-redundant secondary access to a plurality of 
field devices that are controlled by a control room. An apparatus also 
provides redundant wireless to access field devices in a distributed control 
system having primary access to the field devices provided by hard-wired 
media that couples the field devices to the control room. The field devices 

10 are coupled to a Fieldbus control network. In a first embodiment, each field 
device is provided with a wireless Fieldbus port that is accessible by a 
wireless handheld unit or wireless terminal. In a second embodiment, each 
Fieldbus control network is provided with a field module having a wireless 
Fieldbus port that allows all devices connected to the Fieldbus control 

15 network to be accessed by a wireless handheld unit or a wireless terminal. 
In a third embodiment, an H2-to-Hl Fieldbus bridge (which may service a 
plurality of HI control networks) is provided with a wireless Fieldbus port 
that allows all Fieldbus devices connected to HI control networks serviced 
by the H2-to-Hl bridge to be access by a wireless handheld unit of a 

20 wireless terminal. In a fourth embodiment, a bridge/converter provides an 
interface between older analog control room components and newer Fieldbus 
field devices. In one configuration, the bridge/converter includes a hard- 
wired Fieldbus port connected to a terminal, which may be in the control 
room. In another configuration, the bridge/converter includes a wireless 

25 Fieldbus port that allows a wireless handheld unit or a wireless terminal to 
access the Fieldbus devices serviced by the bridge/converter. The present 
invention allows a maintenance person to access Fieldbus field devices while 
servicing a device in the field, and allows secondary functions of field 
devices (which vary by manufacturer) to be accessed from a single remote 

30 unit. The redundant wireless access provided by the present invention 
allows a control room operator to access field devices in the event of failure 



# 

WO 96/12993 



PCT/US95/13150 



-29- 



or unavailability of the hard-wired media that provides primary access to the 
field devices. 




SUBSTITUTE SHEET (RULE 26) 



WO 96/12993 



PCTAJS9S/13150 



2/4 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



# 



WO 96/12993 



PCT/US9S/131S0 



A IA 



(Sf/O 




tfi /44 



/so &sz 



SUBSTITUTE SHEET (RULE 26) 



ATIONAL SEARCH REPORT 



r-#r 

tnter^HKa) j 



I Application No 

PCT/US 95/13150 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 G05B19/418 



Accordmi to Intem^orui Patent Classification (IPQ or to b oth national dassification and IPC 
B. FIELDS SEARCHED 



Minimum documentation tended (damnation system followed by dassification tymbols) 

IPC 6 G05B 



i to the 



extent that such document! are included in the I 



Electronic (Uta base consul ted during the 



international search (name of diia base and, where practical, search terms i 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, wiih indication, where appropnate. of the relevant passages 



Relevant to claim No. 



EP,A,0 491 657 (EROWA AG) 24 June 1992 
see abstract; claim 1; figure 1 



DATABASE INSPEC 

INSTITUTE OF ELECTRICAL ENGINEERS, 

STEVENAGE, GB 

Inspec No, 4566466, 1993 

ROBERTS D.A. "OLCHFA" a distributed 

time-critical fieldbus' 

see abstract . . 

& I EE Colloquium on "Safety Critical 

Distributed Systems" (Digest No. 1993/189) , 

UK, 21.10.93 



Further document* are listed in the continuation of box C. 
* Special categories of cited documents : 

•A' document defining die general state of the an which is not 

considered to be of particular relevance 
•E* earlier document but published on or after the international 
filing date 

•r • document which may throw doubts on priority daiir<i) or 
^SchToted to establish the r^caa« date of another 

citation or other special reason (as specified) 
•O' document referring to an orsJ disclosure, use, exhibition or 

other means 

•P- document published prior to the uiienuuional filing date but 
later than the priority date 

Date of the actual completion of the murnatwnal search 



Name and mailing address of the ISA 

European Patent Office P.B. St II Patcntlaan 2 
NL • 22M HV Rijswijk 
Td.(+ 31-70) 340-2040, Tx. 31 6S1 eponl, 
Fax: 31-70) 340-3016 



1,10,24 
2-9, 
11-19, 
25-27 

1-19, 
24-27 



|X | Patent family t 

T later document published after the toternan<xuU fuuig date 
« prion^Se^nd not m conflict wito the apt^catton but 
atedto^rKfcrst^ 

•X- document of particular relevance; &<£i^n**i*iDn 
cannot be considered novel or cannot be considered to 
SvSve an irXibve step when the docutnert is taken alow 

•V document of particular relevance; the claimed invention 
^cVbe considered to in vol ve an 
document ucombmed wim oik or tnore other rucfe ctoo^ 
r^cn^wch combination being obvious to a person dolled 
in the art. 

**' document member of the same patent family 
Date of mailing of the internanonal search report 

1 8. 03. 96 



Nettesheim, J 



Fotrn PCT/1SA/U0 (a 



I AM) (July ItfJ) 



ATIONAL SEARCH REPORT 



family 



nil Application No 

PCT/US 95/13150 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(f) 


Publication 
date 


CH-A- 


681397 


15-03-93 


AT-T- 


129820 


15-11-95 


AU-B- 


645383 


13-01-94 


AU-B- 


8980391 


25-06-92 


DE-D- 


59106821 


07-12-95 


EP-A- 


0654721 


24-05-95 


JP-A- 


4307608 


29-10-92 


SK-A- 


384491 


U-07-95 


US-A- 


5374231 


20-12-94 



EP-A-0491657 



24-06-92 



Pom PCT/WA/J10 (iwuat (am* mM) (July Ml) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

Ql LINES OR MARKS ON ORIGINAL DOCUMENT 

Ul REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



